Background. In the United States in 2012, there were 16,060 new cases of chronic lymphocytic leukemia (CLL). Often CLL is clinically occult and first detected during pathologic evaluation of the sentinel lymph node biopsy (SLNB). We reviewed our experience of patients with the coexisting diagnosis of melanoma and CLL.
underlying immunologic defect; however, there has been scant investigation into this phenomenon. Surgeons and pathologists should understand this occurrence and recognize that not all grossly enlarged or abnormal sentinel lymph nodes in melanoma patients represent melanoma.
In the United States in 2012, 16 ,060 new cases of lowgrade lymphoproliferative disorder [chronic lymphocytic leukemia (CLL)] or small lymphocytic lymphoma were diagnosed. 1 We and others have observed an increased incidence of CLL in patients with a diagnosis of melanoma and other nonmelanoma skin cancers. [2] [3] [4] There is approximately twice the expected risk of second cancers in patients diagnosed with CLL. In one recent series that evaluated other malignancies in patients with CLL, there was a 7.74 standardized incidence ratio related to development of melanoma. 5 Verwer et al. recently found an incidence of lymphoma in 0.3 % of patients diagnosed with melanoma, with the most common form being CLL. 6 Often the lymphoproliferative disorder is clinically occult and first detected during pathologic evaluation of the sentinel lymph node biopsy performed at the time of definitive resection for the melanoma. The current standard of care for patients with melanoma with appropriate depth of invasion, ulceration, or mitotic rate includes the technique of sentinel lymph node biopsy for lymph node staging. 7 During sentinel lymphadenectomy, we have recognized a subset of patients who have enlarged or hypertrophic appearing lymph node(s) at the time of operation. Subsequent pathologic review reveals evidence of CLL in the lymph node and often is the initial diagnosis of this secondary cancer. This study reviewed our experience at a tertiary referral center treating cutaneous melanoma patients with coexisting CLL and compared our findings to regional and national datasets.
METHODS
The institutional review board of the Moffitt Cancer Center approved this study. A retrospective review was performed between 1995 and 2009 to identify all melanoma and CLL patients treated at our tertiary referral center. Medical records, institutional, local, and national cancer registries were queried. We also identified a subset of patients in whom CLL was diagnosed at the time of lymph node biopsy for their melanoma. Clinical characteristics, including pathologic characteristics of the primary melanoma and the sentinel lymph node biopsy characteristics, preoperative white blood cell (WBC) count, past history of cancer, and subsequent treatments for their melanoma and CLL were evaluated. In addition, we compared the incidence of melanoma and CLL in our tumor registry patients with the national Surveillance, Epidemiology and End Results (SEER) database, the Florida State Tumor Registry database, and with the incidence of other selected cancers where regional lymph nodes are evaluated, including breast, prostate, lung, and colon cancers.
The pathologic criteria for diagnosing CLL included identification of effacement of nodal architecture and replacement by diffuse growth of small, monotonous lymphocytes expressing CD5, CD20, or CD79a. CLL tends to involve the entire lymph node and can be detected on routine H&E staining alone but requires immunohistochemical confirmation. There is a standard panel of immunohistochemical stains (CD5, CD20, CD79a) that was performed on any lymph node that was suspicious for CLL, and establishing the diagnosis does not require performing flow cytometry.
All cutaneous melanoma cases were reviewed by our dermatopathologist. Primary tumor characteristics were assessed and outside slides reviewed before resection of the melanoma. Sentinel lymph nodes were processed after serial sectioning with review of both hematoxylin and eosin stained sections and S-100 and Melan-A immunohistochemistry.
RESULTS
Fifty-two patients were identified with concurrent melanoma and CLL. Pathologic characteristics of the primary melanoma are listed in Table 1 . Median age was 71 years (range, 46-88). The majority of patients were male (N = 44) and Caucasian (N = 50). The most common primary site was head and neck (37 %), followed by the trunk (27 %), upper extremity (19 %), and lower extremity (17 %). The majority of patients (47 %) had an intermediate thickness (1-4 mm) melanoma followed by a thick ([4 mm) melanoma (19 %), thin (\1 mm) melanoma (17 %), and unknown thickness (17 %). Twenty-two (42 %) patients were identified to have CLL on lymph node biopsy at the time of their initial staging for melanoma. Thirty-two patients (62 %) were diagnosed with melanoma before CLL.
Five of 20 (25 %) patients had evidence of collision of both metastatic melanoma and CLL in the sentinel lymph node (Fig. 1) . The median number of sentinel lymph nodes identified with CLL was 3.0 (range 2-9). The median preoperative white blood cell count (WBC) was 12.1, with 40 % of patients having an abnormally elevated preoperative WBC count. Seventeen patients (33 %) received systemic chemotherapy for treatment of CLL.
Concomitant or prior cancer diagnoses included nonmelanoma skin cancers (N = 29), prostate cancer (N = 6), colorectal cancer (N = 2), and Merkel cell carcinoma (N = 2). In Table 2 , we compare the national, regional, and institution incidences of selected cancers where lymph nodes also are evaluated at the time of surgery (lung, prostate, breast, and colorectal) with melanoma and CLL. When comparing the coincidence of prostate, breast, colorectal, CLL, and melanoma in our Moffitt tumor registry, 6 % had a coincidence of CLL and melanoma (Table 3 ). This coincidence of CLL and melanoma was 109 higher than colorectal cancer patients, 89 higher than prostate cancer patients, and 49 higher than breast cancer patients. We also stratified this for male and female patients, comparing coincidence of prostate cancer, colorectal cancer, and CLL to melanoma for male patients. Similarly we evaluated coincidence of breast cancer, colorectal cancer, and CLL to melanoma in female patients (Table 4) . In male patients, 8 % had a coincidence of CLL and melanoma compared with 1 % for prostate cancer and melanoma and 0.8 % for colorectal cancer and melanoma. In female patients, 2 % had a coincidence of CLL and melanoma compared with 0.5 % for breast cancer and melanoma and 0.8 % for colorectal cancer and melanoma.
DISCUSSION
Although previous studies have described the association between the incidence of CLL and melanoma, there has been scant investigation into this phenomenon. There are multiple case reports and small series in the literature related to this codiagnosis. 2, 8 The coincidence of cancers may possibly be related to an underlying immunologic defect, yet this defect still remains undefined. We herein report the one of the largest series of patients diagnosed with both CLL and cutaneous melanoma, especially with those diagnosed with CLL at the time of sentinel lymph node biopsy for their melanoma.
In 1995, Adami et al. reported on the secondary occurrences of skin cancer in patients with lymphoma in Denmark and Sweden. They reported a relative risk for melanoma of 3.1 for patients with known CLL. 9 Landgren et al. assessed the risk of second cancers in 7,764 patients with CLL and reported a 1.19 relative risk of secondary diagnosis of melanoma. 10 Similarly, Brennan et al. initially published in 2000 evaluating second malignancies in patients with NHL from the New South Wales central cancer registry in Australia and found a twofold increased risk of melanoma in these patients. 11 Travis et al. also have confirmed an association with NHL and skin cancers. 12 In 2005, Brennan et al. expanded their studies to 109,451 patients and demonstrated an overall standardized incidence ratio of 1.92 for melanoma as a second malignancy in patients with NHL. 13 In 2001, Hisada et al. evaluated the incidence of subsequent tumors after CLL using the SEER database.
14 In their study, they evaluated observed/expected (O/E) ratios and specifically found an O/E ratio of 3.18 for melanoma in this patient population. Riou et al. evaluated the incidence of associated neoplasms in a database of 664 patients diagnosed with melanoma at Yale-New Haven Hospital. 15 They reported that 8.1 % of patients initially diagnosed with melanoma had an additional malignant neoplasm, with lymphomas being the most prevalent, and CLL was diagnosed in two patients in their series. One of the most recent series from Tsimberidou et al. reviewed patients treated for CLL at MD Anderson and compared second malignancies with the number of expected cases from the SEER database. 16 They identified an 8 % incidence of subsequent melanoma on their patient population, with an O/E ratio of 6.17.
In 2010, Verwer et al. observed in their cohort that lymphoma was diagnosed subsequent to melanoma in 41.8 % of patients and before melanoma in 12.7 %; CLL was the most common subtype: 49.1 %. 6 Agnew et al. have evaluated 40 patients with CLL who developed 125 skin manifestations; 18 patients had basal or squamous cell carcinoma, melanoma (N = 2), and Merkel cell carcinoma (N = 2). 17 McKenna et al. concluded that regardless of age, the risk of developing CLL after melanoma is increased by 130 %, but it was only statistically significant in patients older than 50 years at the time of diagnosis (P [ 0.05). 18 The risk of developing subsequent primary cancers is substantially higher after invasive melanoma and was elevated for developing an additional invasive melanoma, thyroid cancer, non-Hodgkin lymphoma, and CLL. Such risk appears to be slightly higher in women than in men. 19 In a SEER population-based study, the overall survival in patients with melanoma and Merkel cell carcinoma with a history of CLL remained shorter than expected compared with melanoma patients without CLL regardless of Breslow thickness or Clark level. WBC white blood cell count; SLN sentinel lymph node; CLL chronic lymphocytic leukemia
CONCLUSIONS
Our study evaluated the codiagnosis of melanoma and CLL; 42 % of the 52 patients were diagnosed with CLL at the time of their initial surgery for their melanoma by lymph node biopsy. Surgeons and pathologists should be aware of this occurrence and recognize that not all grossly enlarged or abnormal sentinel lymph nodes in melanoma patients represent metastatic melanoma. Further investigation is warranted to determine the clinical significance with hopes of identifying possible etiologies, including underlying immunologic and genetic mechanisms related to this phenomenon, both to improve our understanding of the disease processes and offer the potential of future clinical treatments. DISCLOSURE None. 
